4 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(30) Priority Data: 
9809926.0 



(22) International Filing Date: 



(21) International Application Number: 



(71) Applicant (for all designated States except US): BP CHEM- 
ICALS LIMITED [GB/GB]; Britannic House, 1 Finsbury 
Circus, London EC2M 7BA (GB). 



8 May 1998 (08.05.98) 



4 May 1999 (04.05.99) 



PCT/GB99/01376 



GB 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GD, GE, GH, GM, HR, HU, ID, IN, IS, JP, KE, KG, KP, 
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZA, 
ZW, ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE. CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, 
NE, SN, TD, TG). 



(72) Inventors; and 



(75) Inventors/Applicants (for US only): GIBSON, Vernon, Charles 
[GB/GB]; Flat 2, 46 Prince's Gate, Exhibition Road, London 
SW7 2QA (GB). WASS, Duncan, Frank [GB/GB]; 110 
Sterling Place, South Ealing, London W5 4RD (GB). 



Published 



With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(74) Agent: SMITH, Julian, Philip, Howard; BP International 
Limited, Group Patents & Agreements, Chertsey Road, 
Sunbury-on-Thames, Middlesex TW16 7LN (GB). 



(54) Title: POLYMERISATION CATALYST 
(57) Abstract 

A catalyst composition for the polymerisation of radically polymerisable monomer is disclosed, which comprises (i) an initiator having 
a radically transferable atom or group and (ii) a component of Formula (I): {Fe[T]L>.(T/b)X, wherein Fe is iron and T its oxidation state, 
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POLYMERISATION CATALYST 
The present invention relates to novel catalyst compositions and to the 
polymerisation of olefinically unsaturated monomers using said catalyst compositions. 

A recent development in the control of radical polymerisation systems is atom 
transfer radical polymerisation (ATRP) based on a redox reaction with a transition metal 
5 compound. ATRP is believed to result from two parameters (i) the presence of a low 
constant concentration of growing radicals and (ii) a fast and reversible equilibrium 
between the growing radicals and the dormant polymer species. If the concentration of 
growing radicals is kept low enough and a fast and reversible equilibrium between 
growing radicals and the dormant polymer species is established the proportion of 
10 termination reactions in comparison to propagation can be minimised which results in 
better predictability of molecular weight and lower polydispersities. A more detailed 
discussion of the mechanism of ATRP may be found in Patent Application No. WO 
96/30421. 

Patent Application No. WO 96/30421 describes a method for atom or group 
15 transfer radical polymerisation of an alkene such as styrene whereby the alkene is 

polymerised in the presence of an initiator, a transition metal compound and a ligand and 
the formed polymer is subsequently isolated. The use of an alkyl halide initiator, copper 
(I) chloride, and bipyridine ligand to produce controlled molecular weight polymers of 
low polydispersity is described. 
20 However the process described in WO 96/30421 has the disadvantage that it is a 

heterogeneous system due to the fact that the copper catalyst is only partially soluble in 
the polymerisation system. Thus it is difficult to determine the level of active catalyst in 
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polity of *e mtal produc, Heterogeneous cataiysts are aiso lenown ,0 be less 

specific separation sreps .on, the product in —a, use. As a resuU, homogeneous 
systems are generally preferred where possible. 

Patent Application No . WO 97/47661 describes the use of copper dunune 

unsaturated monomers and thus the .eve. of active cataryst in the nu«ure ,0 b 
con.rol.e4. However rares of conversion for sryrene using these comp.exes are re.a„ve,y 

low and polydispersities (Mw/Mu) relatively high. 
, 0 Uhas owbeensurprisinglyfoundrhatbyusingacaudystsystemwhtch nc,ud« 

achieved, thereby ultimately providing an improved product. 

According to the present tnvention there is provided a cataiys, composttton 

comprising 

15 (i) an initiator having a radically transferable atom or group, and 

(ii) a component of Formula I Formula I 

[Fe[T]L].(T/b)X 

-wherein 

Fe is iron and T its oxidation state 
20 LisaligandofFormulall n 
R 1 -N=CH-(CH 2 )„-CH=N-R 
in which R 1 and R J are independently selected from C,-C,„ ** aryl and subsutu.ed 

aryl, andnisO or 1; 

X represents an atom or group covalently or ionically bonded to Fe; 
h is the valency of the atom or group X. 

The iltor su it ab,e for use in the present tnvention may be any narrator ha mga 
radicaUy transferable atom or group. Examples of suitable initiators indue convent^ 

1 ester ^ 2 -bromoe,hy.isobu,yra.e or a Ketone, e.g. 2 -bromoisobu.yropbenone or 
eda.U.g.pheny.ormtro.—et.pbenyi.Chersu,^ 



initiators include arenesulphonyl chlorides which can be substituted or unsubstituted such 
as para-toluenesulphonyl chloride and para-methoxybenzenesulphonyl chloride. Preferred 
initiators include CCU and para-toluenesulphonyl chloride. 

It will be understood that such initiators may also be molecules (monomelic or 
5 polymeric) which contain more than one radically transferable atom or group. Examples 
of monomelic multifunctional initiators include alkyl dihalides and sulphonyl halides such 
as 1,3-benzene disulphonyl chloride. Suitable initiators for the invention also include 
polymers, which may optionally be based on styrene, which contain one or more radically 
transferable group present at the chain ends and/or pendent to the main chain and 
10 distributed along its length. It will be understood that such multifunctional initiators 
provide access to star branched and grafted polymer architectures with the enhanced 
potential to fine-tune properties.The use of mixed initiators is also within the scope of 
the invention. 

In the Formula I, Fe may be Fe(II) or Fe(III), most preferably Fe(II). The atom or 
15 group represented by X in the Formula I is preferably selected from halide, sulphate, 
nitrate, thiolate, thiocarboxylate, BF 4 ~, PF 6 -, hydride, carboxylate, triflate, cyano, 
arylsulphonate, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl, d-C 6 alkoxy. 
Examples of such atoms or groups are chloride, bromide, fluoride, iodide, phenyl, 
benzyl, methoxide, ethoxide, isopropoxide, tosylate, benzenesulphonate, 
20 toluenesulphonate, formate, acetate, phenoxide and benzoate. Most preferred is 
chloride. 

R 1 and R 2 are independently Ci-Cio alkyl or aryl or substituted aryl. When one or 
both of R l and R 2 is Ci-Cio alkyl, it is for example, methyl, ethyl, n-propyl, i-propyl, nr 
butyl, t-butyl, n-hexyl, n-octyl, and n-decyl. C,-C 6 alkyl is generally preferred, especially 
25 t-butyl. 

When one or both of R l and R 2 is aryl, it is preferably C 6 -Cio aryl, for example, 
phenyl. 

When one or both of R 1 and R 2 is a substituted aryl group, it may have from 7 to 
24 carbon atoms, and be substituted at e.g. one or both ortho positions and/or the para 
30 position with, for example, C r C 6 alkyl such as methyl, ethyl, n-propyl, i-propyl, n-butyl, 
t-butyl, especially t-butyl. An example is 2,6 di-i-propyl phenyl. 
Preferably R 1 and R 2 are the same: preferably n is zero. 
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A preferred combination is where R 1 and R> are each 2.6 di-isopropyl phenyl and 
n=0 An especially preferred combination is where R' and R> are each .-butyl and m=0. 

Compounds of Formula II can be prepared using procedures known to the man 
skilled in the art and disclosed in published literature for example as described m Z. 

5 Naturforsch, 1981, 36b, 823. 

The present invention further provides a process for the polymerisation and 
copolymerisation of a radically polymerisable monomer comprising contactmg the 
monomer under polymerisation conditions with the catalyst composition of the present 
invention. A further aspec, of the invention is the use of the above-defined compostfon 
10 as a polymerisation catalyst for radically polymerisable monomers. 

Monomers suitabfe for use in the polymerisation process of the present inventton 
include any radically polymerisable monomer. Preferred monomers include ethylene; 
optionally substituted conjugated dienes such as 1 ,3-bumdiene, isoprene; acds and 
anhydrides such as acrylic acid or acrylic anhydride; (meth)acrylamides; vinyl haltdes e.g. 
,5 vinyl chloride; (me,h)acryloni«rile; (me.h)acry.a,e esters of C.-C alcohols e.g. methyl 
mefhacrylate, ethyl methacrylate, propyl mefhacrylate (all isomers), butyl methacrylafe 
(all isomers); vinyl esters of CrC alcohols e.g. vinyl acetate, vinyl propionate or vnyl 
bufyrafe; vinyl amides such as vinyl pyrrolidone, and other vinyl amides havmg up to 
carbon atoms, vinyl ketones such as ethytvinyl ketone, butylvinyl ketone and other vnyl 
20 ketones having up ,0 8 carbon atoms; vinyl substituted arylse.g. vinyl subsftuted 

phenyls vinyl substituted naphthy.s. The aryl ring may be substifufed by a. least one vmyl 
group such as 1- 2 vinyl groups. Examples include styrene and 1,4 divinyl benzene. The 
vinyl group(s) may be substituted or unsubstitu.ed, e.g. substituted styrenes. Smtable 
vinyl group substituems include a C-C. alkyl (preferably at the alpha-carbon atom) e.g. 
25 methyl. Examples include alpha-methyl styrene. The vinyl substituted aryl may also have 
a. leas, 1, preferably 1 to 3 substifuents on .he aryl ring. Thus, phenyl may be subsftuted 
by 1 to 3 substituems. Suitable aryl ring substituents e.g. phenyl ring substitutents may be 
C-C alkyl, C-C alkenyl, C,-C« alkoxy, halogen, carboxy and nitro. 

Examples of acrylates include methyl acrylate, ethyl acrylate, butyl acrylate, 2- 
30 ethylhexyl acrylate, isobomyl actylate, and functionai derivatives thereof such as 2- 

hydroxy efhyl acrylate, 2-chloro ethyl acrylafe and the like. Such achates generally have 
from 1 to 12 carbons, preferably from 1 to 8 carbons. 



10 
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Examples of methacrylates are methyl methacrylate, ethyl methacrylate, butyl 
methacrylate, 2-ethylhexyl methacrylate, isobornyl methacrylate, and functional 
derivatives thereof such as 2-hydroxy ethyl methacrylate, 2-chloro ethyl methacrylate and 
the like. Such methacrylates generally have from 1 to 12 carbons, preferably from 1 to 8 
carbons. 

Examples of (meth)acrylamides include (meth)acrylamide itself, N-methyl 
(meth)acrylamide, N,N'dimethyl (meth)acrylamide and the like. 

Examples of acids and anhydrides include (meth)acrylic acid, maleic acid, maleic 
anhydride, vinyl sulphonic acid, itaconic acid. 

Examples of other monomers includeamino olefins, vinyl pyridine, N-amino ethyl 
acrylamide, N-aminoethyl acrylate, isoprene, butadiene, and C 2 -C 8 ct-olefins such as 
ethylene, propylene, 1-butene, isobutene, 1-hexene, 1-octene and the like. 

Particularly preferred monomers are styrene, methyl acrylate, methyl methacrylate, 

vinyl acetate and acrylonitrile. 

A mixture of two or more monomers may be used. The monomers may also be 
polymerised with a natural or synthetic rubber or combination thereof, such that the 
resulting polymeric product comprises a polymer or copolymer of styrene having rubber 
grafted thereon. 

Examples of rubbers include natural rubbers such as 1,4-polyisoprene, with those 
derived from the Hevea brasiliensis tree and quayule bush being useful. Synthetic rubbers 
include polybutadiene rubber, polyisoprene rubber, styrene-butadiene rubber, nitrile 
rubber, neoprene rubber, polysulphide rubber, polyacrylate rubber, epichlorohydrin 
rubber, fluoroelastomer, chlorosulphonated polyethylene rubber, polyurethane, or a - 
thermoplastic rubber. 

25 With regards to the polymerisation reaction using the catalyst composition herein 

described, the relative proportions of initiator and iron component are those effective to 
achieve the desired polymer product. 

The molar ratio of initiator to monomer is chosen depending on the molecular 
weight of the product polymer to be achieved. For molecular weights of e.g. polystyrene 

30 or polymethyl methacrylate in the range 50k - 1 million the initiator may be present in a 
molar ratio of from 2 x 10" 3 : 1 to 10^ : 1 relative to monomer, for molecular weight 
range 100k - 600k the initiator is preferably present in a molar ratio of from 10" 3 : 1 to 
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, 6 x 10 - : , relarive ,0 — and ,o ob,ain po.ymer product of . 
L range 250a - 500,, .he iniriator is preferably present in a molar ra..o of from 

may be from 1<T* : 1 to 10:1, preferably from 10 . 1 to 5.1, mo p 

hom „ B eneous system *e molar proportion of iron component to trntrator may 

» v , m niP s i to 11 and sometimes from 3 : 1 to 1 : 1 - 

, ..JolLeofsoWea.. ^^^^^T 
suc b as water, aromatic hydrocarbon solvents, e.hers, cy., e.hers, 

colons), ace.oni.ri.e_ prop.oni.rfle, dimethylformam.de and C£ 

aromatic hydrocarbon solvenrs inciude benzene, roluene, xylene (ail rsomers). Smtab 

Suirab.e cyclic e.hers include dioxane and rerrahydrofcran. Sunable C,C,. altanes 
inclu de hexane, heptane. Suuable nalogenated hydrocarbon solvents mcUn* 
di „hane, .,2 dich.oroe.hane. Suitable CC alcohols mdude methanol, e.hano , 

from -Jc to 200-C, suitably from 40*C , , 50-C , for exanrple from 0 C „ HO 
AUernative suitab.e .empera.ure ranges are fron. 40 ,o ,60-C, preferabiy fron, 40 
g 5 . C for emulsion po.ynrerisa.ion, and fro m SO .o 160°C for bunt 

The po.ymerisa.ion process of .he presen. invenrion may be earned ou, « *. 

be used include aluminium alkyls, e g. methyl alunrmmm b,s(2,6 d, .er. bu y P 
Jllal^dessuchas— m rri^so-propoxide, a— h»».des such as 



aluminium trichloride, alkyl zinc reagents such as diethyl zinc and boranes such as BPh 3 
and B(C 6 F5) 3 . 

The use of an activator may increase the rate of polymerisation, for example the 
rate of polymerisation of (meth)acrylate esters of C,-C 2 o alcohols e.g. methyl 
5 methacrylate , and in particular methyl methacrylate polymerisation in the presence of an 
aluminium activator. 

The molar ratio of activator to iron complex used may be, for example, in the 

range from 1:1 to 10:1 such as 2:1 to 6:1. 

The polymerisation process may be carried out in bulk, solution, emulsion or 
10 suspension (slurry), as a single phase or multiple phases. Gas phase polymerisation can 
be carried out wherein the monomer in gaseous phase contacts a bed of the catalyst 
which has been previously contacted with the initiators) and ligand. Bulk 
polymerisations are particularly advantageous. The invention can be practiced as a batch, 
semicontinuous, or continuous process. Monomers, initiator, catalyst, and optionally 
1 5 solvent, are mixed together in a suitable reaction vessel The order of component 
addition is not critical although it is desirable that monomer is present before others 
items are introduced. This vessel may be purged with an inert gas, such as nitrogen. The 
gas purge may be continued throughout reaction. Polymerisation may be carried out with 
all monomers present at the begining or with monomers added incrementally or 
20 continuously throughout the reaction. The reaction mixture may be agitated by any 

known method to mix components. The reaction is continued until the desired level of 
polymerisation has occurred, generally from about 40% to about 100% conversion of 
monomer to polymer. The reaction mixture may then be treated as required in 
subsequent steps to achieve the final desired product. For example, the reaction may be 
25 stopped by cooling, addition of inhibitor such as 4-methoxyphenol and the like, and 
discontinuing monomer feed. Alternatively, the reaction mixture may be taken on to 
further work-up stages such as monomer devolatalisation, catalyst removal steps, and/or 
polymer isolation. 

The polymers and copolymers formed by the process of the present invention 
30 include straight and branched chain polymers and copolymers, star (co)polymers and the 
like. The copolymers can be random, alternating, block, graft, multiblock, straight chain, 
star, star block copolymers and the like. The (co)polymers may also be high impact 
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polygene wherein a nature, or *** rubber or a common .hereof is grafted 

onto the polymer or copolymer. 

L powers and copolymers may he turther processed by mouldmg, spmmng, 
extruding and the Uke. Additives include lubricants, dyes, piasticisers, ptgrnenu, 
5 "Irt an.is.atio agents, antioxidants, oners and Mowing agents. U sauons or the 
powers and cpo.yn.ers Include moulded or foamed articles, shee,, nhns, ptpes, 

tubings fibres and the like. 

The present invention is illustrated in the following Examples 

F-xamples 

10 Pre paration r>f T.igands 

1 Preparation of t-Bu-N=CH-CH=N-t-Bu 

UsingaP rocedure^^ t 
1981 , 36h S 2 3» gamine (25g; 0.34, mol) was added dropw.se over 10 m^s to 
a stirr ed solution of 40% aoueous glyoxal (25g; 0,7 mol) in 100 ml methanol a 0 G 

The white solid was recrystallised from pentane to yield a white crystalhne product. 
2 Preparation of ArN=CH-CH=N-Ar,Ar=2,6-C 6 H 3 0-Pr) 2 

Preparation 1 was repeated except ArNH 2 was used instead of t-huty^ne 

20 product was a yellow crystalline solid. 

Pr oration of T rm f n ) Components 

- *-/-a,m-ph rH=N-ArWeCl 2 , Ar=2,6-C 6 H 3 (i-Pr)2 
3 Preparation of (ArN—Cri-L/n in ™ J rcv 

' DicMoron.e.haneso.venUca.SO.,) was added to FeC, J a69g,0.0 2 , mol and 
A^CH-CH-N-A, (Ar-2,6-CH 3 (i-PrW (U* 0.02, mol, * a Schlenlc v«se ^ 
25 erring .he nurture at amnion. .empera.ure for 24 hours the reaction mrxture 

green Solven, was removed under reduced pressure ro yield a da* green soUd. The 
soHd was washed three rimes with diethyl e.her (20ml) and then exrracted m.o 
di chlorome.nane (ca. 60ml). The resonant solution was concenrrared and coo ed - 
30'C ,o produce a dark green microcrystauine solid. The yield was 6.4g (60 /.) 
30 Mass spectrum: mlz 502 [M] + , 467 (M-C1] + , 377 [M-FeCU + 

- Calculated: for WWWfr C. 62.04; H, 7.21; N, 5.57. Found: C, 

61.82; H, 7.08; N, 5.48. 
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4. Preparation of (t-Bu-N=CH-CH=N-t-Bu)FeCl 2 

Preparation 3 was repeated except that the quantity of FeCl 2 used was 2.14g; 
0.017 mol and t-Bu-N=CH-CH=N-t-Bu (2.86g; 0.017 mol) was used in place of 
ArN=CH-CH=N-Ar. The product was obtained as violet needles. The yield was 3.3g 
5 (66%). 

Mass spectrum: m/z 294 [M]+, 259 [M-C1]+, 169 [M-FeCl 2 ]+ 
Analysis - Calculated: for C,oH 2 oN 2 Cl 2 Fe: C, 40.67; H, 6.83; N, 9.49. Found: C, 
40.66; H, 6.60; N, 9.29. 
Bulk Stvrene Polymerisation Tests 
10 The bulk polymerisation tests described in Runs 1 to 3 were carried out using the 

following procedure. Under an inert atmosphere (nitrogen) glove box the required 
quantities of (t-Bu-N=CH-CH=N-t-Bu)FeCl 2 , initiator (CCU) and monomer (styrene) 
were weighed into a small glass ampoule. The contents of the sealed ampoule were then 
stirred and heated to the required temperature in an oil bath and maintained at this 
1 5 temperature for the required run time. After the required run time the ampoule was 
allowed to cool to ambient temperature. The resultant solid was dissolved in a small 
amount (ca. 5- 15ml) of dichloromethane. This solution was added to acidified methanol 
(ca. 300ml) to precipitate the polymer which was subsequently filtered and dried in a 
vacuum oven. 

20 The results of the styrene polymerisation tests are summarised in Table 1. 

TABLE 1 



Example 


Fe 


ecu 


Styrene 


Temp. 


Run 


Yield 


Mw 


Mn 


Mw/Mn 




mmol 


mmol 


mmol 


°C 


Time 
hrs 


% 








1 


0.04 


0.04 


20.0 


100 


14 


85 


52700 


41400 


1.27 


2 


0.02 


0.02 


20.0 


100 


14 


45 


44700 


34000 


1.31 


3 


0.1 


0.1 


10.0 


100 


20 


50 


2240 


1810 


1.24 



Methyl Methacn/late Polymerisation Tests 



The procedure as described above for the styrene polymerisation tests was 
repeated for polymerisations tests 4-7 except that methyl methacrylate monomer was 
25 used instead of styrene monomer and in polymerisation test 7 the polymerisation was 
conducted in 5 ml of toluene solvent. 

9 
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The results of the methyl 
Table 2 



0.1 



TABLE 2 

Run 
Time 
hrs 



Example 


Fe 1 


ccuT 


Methyl ^ 


Temp 




mmol 


mmol 


methacrylate 


°C 








mmol 




1 4 


0.1 


0.1 


10.0 


40 


r 5 


0.1 


0.1 


10.0 


~60 



"Yield 1 Mw 

% 



0.1 



10.0 
10.0 



80 



20 
"20 
~20 
~20 



"631113100 



Mn 


Mw/ 1 
Mn 1 


48600 


2.33^ 


46900 


2.48 


129400 


1 2.01 " 


1 130o6~ 


TT52~ 



16100 
59000* 
19800 

^sTs^flhlpTesent invention 



provide polymers having predetermined molecular vi g 



10 



15 



20 



25 
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CLAIMS: 

1 . Catalyst composition comprising 

(i) an initiator having a radically transferable atom or group 
and 

(ii) a component of Formula I 

5 {Fe[T]L}. (T/b)X Formula I 

wherein 

Fe is iron and T its oxidation state 
L is a ligand of Formula II 

R'-N=CH-(CH 2 )„-CH=N-R 2 Formula II 

10 in which R l and R 2 are independently selected from C,-C, 0 alkyl, aryl and substituted 
aryl, and n is 0 or 1 ; 

X represents an atom or group covalently or ionically bonded to Fe; 
b is the valency of the atom or group X. 

2. Composition according to claim 1 , wherein Fe[T] is Fe[II] or Fe[III]. 
15 3 . Composition according to claim 1 or 2, wherein R 1 and R 2 are each independently 
C,-C 6 alkyl, C 6 -Cio aryl or C 7 -C 2 4 substituted aryl. 

4. Composition according to claim 3 wherein R 1 and R 2 are each independently 
methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl, n-hexyl, n-octyl, n-decyl or phenyl, or 
phenyl substituted at one or more positions with one or more of methyl, ethyl, n-propyl, 

20 i-propyl, n-butyl or t-butyl. 

5. Composition according to claim 4 wherein R 1 and R 2 are both 2,6 di-isopropyl 

phenyl or both t-butyl. 

11 
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6 
7. 



, Composition according to any preceding ci 

9 Composition according to any preceding cid 

0 with a catalyst composition as defined in any preceding clam, 

„ Process according to claim !0 wherein the monomer composes etyene 
opy'e 1 >fiu,adiene;iso P rene;(mefi,)ac,ficacid;(me, W acry 1 ,car^yd„ , 

r r r alcohol- a vinyl ketone having up to 8 caroon* 
alcohols; a vinyl ester of a C-C20 alcohol, viny 

1 5 a vinyl substituted aryl. „ mnri « es a vinyl substituted 

t _ rlaim n wherein the monomer comprises a vinyi 
12. Process according to claim nwne , ffrnuo which is optionally 

rritss. -* « - -~ — - 

Process according to Cairn ,2 wherein .he monomer composes styrene or M 

r— • 

temperature in the range of from 40 to 160°C. 

-.f M n im<; 10 to 14 wh ch is carried out in tne 
15. Process according to any one of claims 10 to 

— — — •r^.^^'*--- 

17 Process according to any one of claims to iu 
conditions are solution phase, slurry phase or gas phase. 

„ Use of a ca,a,y« composition as defined in any one of datms Ho 9 as a cat* 
for the polymerisation of radically polymerisable monomers. 



20 nitro 

13. 

divinyl benzene 
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